Abstract -A comparative account is given of t h e s t u c t u r e s and p r o p e r t i e s of the complexes of the type N[M(mnt)2]( where N is a monovalent cation, M is N i , Pd or P t and mnt is C&S2) together w i t h the recently discovered new lowdimensional metal Cs[Pd(amit)2]2(where dmit is C3S5).
Metal complexes of sulphur donor ligands have been widely studied, o f t e n because their intense colours made them u s e f u l i n analysis.
I n the 1960's s t u d i e s on metal complexes of ligands such as the d i t h i o l e n e s centred on their unusual redox P r o p e r t i e s (ref. 1) . More recently i t has been found that they exhibit a w i d e range of s t r u c t u r e s and properties i n the solid state dependent upon the nature and extent of the i n t e r a c t i o n s between the metal-complex anions (refs. [2] [3] [4] [5] [6] [7] .
Extensive s t u d i e s have been made of the complexes formed between the ligands l,Z-dicyanoethylene-l,2dithiol( (HS)zCz( CN)z, HZmnt ) and 4 ,5-dimercapto-1, a-dithiole-2-thione ( d m i t ) and nickel( I1 ), palladium ( 11) and platinum( I1 ) salts,
The r e s u l t i n g complex anions are planar and can readily e x i s t either as the monoor di-anion.
The di-anion contains a pair of e l e c t r o n s i n the HOMO and therefore inter-anion i n t e r a c t i o n s i n the solid state are extremely unlikely.
The mono-anion, however, possesses a s i n g l e e l e c t r o n i n the HOMO, and therefore inter-anion i n t e r a c t i o n s due t o overlap of the HOMOS on adjacent anions are possible. The occurrence and the nature of these i n t e r a c t i o n s is found to be very dependent on the c e n t r a l metal involved and the s i z e of the cation.
Thus the r e s u l t i n g complex can be a diamagnetic semiconductor or i n s u l a t o r , a semiconductor exhibiting a magnetic t r a n s i t i o n or a lowdimensional metal as discussed b e l o w .
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DIAMAGNETIC SEMICONDUCTORS
The salts of [Pt(mnt)z]-w i t h the group one c a t i o n s Na+, K+, Rb+ and w i t h NIi4+ have been obtained by e l e c t r o c r y s t a l l i s a t i o n of t h e corresponding dianion salt (ref. 5 ) .
A l l t h e compounds studied behaved as semiconductors w i t h room temperature conductivities i n the range t o S cm-l. The crystal s t r u c t u r e s of the Rb+ and H30+ salts have been determined and shown t o be i s o s t r u c t u r a l (refs. 6 , 7 ) .
The s t r u c t u r e s c o n s i s t of columns of anion-dimers, w i t h the anions within the dimers arranged i n an eclipsed configuration (see Fig. 1 ) , A l l t h e compounds are diamagnetic at room temperature ( r e f . 5 ) . the pressure dependence of the conductivity at room temperature. The dimers are arranged such that there are short S-S contacts between dhers in both the c and a directions.
SEMICONDUCTORS EXHIBITING MAGNETIC TRANSITIONS
MOLECULAR M E T A L S
This gives rise to a 2D sheet structure in the ac plane, the sheets being separated in the b direction by the cesium ions and water molecules.
The electrical conductivity is 55 IT^ cm-l at room temperature and the conductivity is activated below room temperature (ref. 12).
There is clear evidence of a smeared out transition at around 240 K.
Thempower studies indicate that the thempower is about +70 pV/K and temperature independent around room temperature.
From the thempower results there is also evidence of a smeared-out transition around 250-230 K and below the transition the thempower increases rapidly with decreasing temperature. Under pressure the transitions are suppressed and at 21 kbar the conductivity rises with decreasing temperature down to 1.2 K (Fig. 4) (ref. 13) .
The ligand &nit has a much more extensive sulphur containing ring system than mnt and therefore metal complexes of this ligand would be expected to exhibit greater inter-anion interactions than the comparable metal complexes of mnt.
Cs[Pd(dmit)2] is obtained ae black plates by electrocrystallisation and exhibits a room
temperature conductivity of 5200 S cm-l. me
C a l c u l a t e d overlap integrals i n d i c a t e that the predominant interaction is between the anions w i t h i n the dimer and w i t h the next largest i n t e r a c t i o n o c c u r i n g between d i m e r s w i t h i n the column. There are also s i g n i f i c a n t i n t e r a c t i o n s between anions i n adjacent columns.
GENERAL D I S C U S S I O N
From the above d i s c u s s i o n s it can be seen t h a t t h e structures and properties of metal complexes of sulphur donor l i g a n d s are s t r o n g l y dependent on three factors ( a ) The size of the cation; l a r g e bulky cations d o not allow the anions t o form extended arrays w i t h s u f f i c i e n t l y short inter-anion contacts t o allow cooperative phenomena t o be observed.
( a ) The n a t u r e of t h e c e n t r a l metal; i n the presence of s m a l l c a t i o n s which facilitate extended inter-anion interactions, the n a t u r e of the central metal c l e a r l y plays an important role.
The HOMO of t h e complex c o n t a i n s a s i g n i f i c a n t metal d -o r b i t a l c o n t r i b u t i o n .
The e x t e n t of t h i s c o n t r i b u t i o n and the r e s u l t i n g charge d i s t r i b u t i o n w i l l depend on the size of the d -o r b i t a l s . This i n f l u e n c e is w e l l e x e m p l i f i e d b y t h e series [M(mnt)2]-(where M is N i , Pd or P t ) .
The n i c k e l complexes w i t h t h e smaller cations possess an e q u i d i s t a n t stack s t r u c t u r e and t h e properties of a n Heisenberg a n t i f e r r o m a g n e t i c c h a i n .
A t lower temperature spin-lattice coupling causes d i m e r i s a t i o n of t h e chain and s i n g l e t -t r i p l e t magnetic properties.
All the p l a t i n u m compounds would appear to exist w i t h d i m e r i s e d anions a t r m temperature and w i t h a large energy separation of t h e s i n g l e t and t r i p l e t states l e a d i n g t o a d i a m a g n e t i c ground state a t r m temperature.
The [Pa( S2C2(CN)2 )$I-series of compounds d i s p l a y q u i t e d i f f e r e n t behaviour. The s t r u c t u r e of t h e C s salt is unique and reveals s t r o n g S....S interactions w i t h i n s h e e t s of anions s e p a r a t e d by the Cs+ and water molecules.
me compound behaves as a semimetal or small band gap semiconductor a t room temperature and a t m o s p h e r i c pressure w i t h a t r a n s i t i o n t o a wide band gap semiconductor a t lower temperatures. Uowever under h i g h pressure it is c o n v e r t e d t o a metal.
( c )
The n a t u r e of the ligandr t h e more extensive-sulphur r i n g system of dmit compared w i t h mnt w i l l facilitate stronger i n t e r -a n i o n interaction. This is shown i n t h e comparison of the palladium Salts o f these l i g a n d s w i t h Cs+ a6 the counter cation. 
